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efficiency. With two jets, or two wheels each with a single jet, the maximum
value with the same ratio of D : d becomes approximately 6-5. By reducing
the ratio D : d to 9, the specific speed, with a single jet, becomes approxi-
mately 6*0. The full load efficiency of such a wheel is about 5 per cent
less than that of a wheel with a specific speed of 5-0, and in order to obtain
this efficiency the buckets require to be very carefully designed.
Speed Regulation of Pelton Wheels*—There are three general
methods of regulating the speed of Pelton wheels. These are:
 1.	By deflecting the jet from the wheel by a deflecting nozzle or hood.
 2.	By a combined needle regulator and pressure regulator.
 3.	By a combined needle regulator and deflector, or deflecting nozzle.
In the first method the jet is deflected wholly or partly from the wheel
by the action of a relay piston operated from the governor, or in small plants
by the governor directly. The flow in the pipe line is independent of the
load, no pressure surges are produced, and the method gives excellent
governing. It is, however, very wasteful under a variable load, and is only
to be condoned where, as in some irrigation schemes, or in some installations
on the higher reaches of a stream, the user is under an obligation to discharge
water at a minimum rate for users lower down the stream. The loss may
be reduced by using the deflector in conjunction with a hand-regulated
needle. This is set by hand at intervals to give the maximum discharge
likely to be required during the next period, and any fluctuation of load up
to this maximum is handled by the deflector.
In the earlier forms of deflecting nozzle (fig. 19) * the nozzle is connected
to the pipe line through a swivel joint packed by means of a leather ring,
and is carried by the plunger rod of the relay cylinder. The pressure below
this plunger and hence its position are regulated by a pilot valve operated by
the governor.
Fig. 23 f shows a deflecting nozzle in which the nozzle with the needle-
regulating mechanism is mounted on a hollow trunnion through which the
pressure water is conveyed. This is carried through a stuffing box which
is easily kept tight. Instead of a deflecting nozzle, the jet may be deflected
by means of a hood or deflector, fitted between the nozzle and the wheel,
and whose position is regulated by the governor (fig. 21). This is lighter,
cheaper, and gives less trouble in maintenance than the deflecting nozzle.
In the second method of regulation, the position of the needle is regu-
lated by the governor, while to prevent pressure surges accompanying a
sudden reduction of load a pressure regulator or relief valve is fitted. While,
owing to the smaller volumes of water to be handled, the pressure regulator
is more suitable for Pelton wheels than for reaction turbines, it suffers from
the liability of the valve to stick, and from the difficulty of ensuring its
synchronous action, and in most recent plants the third method of regulation
has been used.
* Proc. Inst. Mech. Engineers, January, 1910.        ^Engineering, 28th August, 1914.

